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NETWORKTRANSFORMER PRIMARY 
DISCONNECTASSEMBLY 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The disclosed and claimed concept relates to a net 
work transformer primary disconnect assembly and, more 
particularly, to an housing assembly for a network trans 
former primary disconnect assembly with a visible break 
assembly and visible grounding assembly. 
0003 2. Background Information 
0004. A network transformer is, typically, paired with 
both a primary medium Voltage disconnect and a low Voltage 
network protector. These systems are commonly located 
below ground leveland must be submersible. Upstream of the 
network transformer and other components located below 
ground level, i.e. On the line side of the circuit, is a medium 
Voltage distribution Switchgear. Typically, the associated net 
work transformer disconnect is non-loadbreak and is not 
capable of withstanding fault currents. Thus, there is a need 
for a primary medium Voltage disconnect that can withstand 
faults and interrupt rated load as well as fault load. The need 
to obtain the fault withstand, and load interrupting ratings, 
can be addressed by including an available medium Voltage 
vacuum circuit breaker in the submersible enclosure. This 
Solution, however, creates additional needs. 
0005. In this configuration, the primary medium voltage 
disconnect includes a medium Voltage vacuum circuit breaker 
and a visible isolation/ground assembly. During mainte 
nance, however, the primary medium Voltage disconnect 
must be grounded so as to ground the upstream medium 
Voltage distribution Switchgear. An interlock assembly is 
needed to ensure that the primary medium Voltage disconnect 
cannot be coupled to both the medium Voltage vacuum circuit 
breaker and the ground conductor assembly at the same time. 
0006 Further, so that maintenance workers can quickly 
determine if the primary medium Voltage disconnect is in a 
safe condition, the Submersible housing assembly needs to be 
able to reveal the configuration of the primary medium volt 
age disconnect. 

SUMMARY OF THE INVENTION 

0007. These needs, and others, are met by at least one 
embodiment of this invention which provides for a housing 
assembly for a network transformer primary disconnect 
assembly that includes a visible break and visible ground 
assembly. That is, the housing assembly includes a number of 
sidewalls defining an enclosed space. The visible break 
assembly includes a number of viewing windows in at least 
one sidewall. The viewing windows are aligned with one of a 
contact assembly interface or a movable contact assembly 
distal end in the open, first position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 A full understanding of the invention can be gained 
from the following description of the preferred embodiments 
when read in conjunction with the accompanying drawings in 
which: 
0009 FIG. 1 is a schematic view of an electrical system. 
0010 FIG. 2 is an isometric view of a housing assembly. 
0.011 FIG. 3 is a cross-sectional side view of a circuit 
breaker and an interlock assembly in a housing assembly 
wherein the circuit breaker contact assemblies are in a second 
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position, the interlock assembly operation contact assemblies 
are in a second position and the interlock ground contact 
assemblies are in a first position. 
0012 FIG. 4 is a cross-sectional side view of a circuit 
breaker and an interlock assembly in a housing assembly 
wherein the circuit breaker contact assemblies are in a first 
position, the interlock assembly operation contact assemblies 
are in a second position and the interlock ground contact 
assemblies are in a first position. 
0013 FIG. 5 is a cross-sectional side view of a circuit 
breaker and an interlock assembly in a housing assembly 
wherein the circuit breaker contact assemblies are in a first 
position, the interlock assembly operation contact assemblies 
are in a first position and the interlock ground contact assem 
blies are in a first position. 
0014 FIG. 6 is a cross-sectional side view of a circuit 
breaker and an interlock assembly in a housing assembly 
wherein the circuit breaker contact assemblies are in a first 
position, the interlock assembly operation contact assemblies 
are in a first position and the interlock ground contact assem 
blies are in a second position. 
(0015 FIG. 7 is a top view of an interlock assembly. 
0016 FIG. 8 is a side view of an interlock assembly. 
(0017 FIG. 9 is a side view of an interlock assembly with 
the contact assemblies removed. 
0018 FIG. 10 is an isometric view of an interlock assem 
bly with the contact assemblies removed. 
0019 FIG. 11 is an isometric view of the blocking member 
assembly body. 
(0020 FIG. 12 is a side view of the blocking member 
assembly body. 
(0021 FIG. 13 is a front view of the blocking member 
assembly body. 
0022 FIG. 14 is a top view of the blocking member assem 
bly body. 
0023 FIG. 15 is a top cross-sectional view of a housing 
assembly and portions of an interlock assembly. 
0024 FIG. 16 is a front view of a housing assembly. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0025. It will be appreciated that the specific elements illus 
trated in the figures herein and described in the following 
specification are simply exemplary embodiments of the dis 
closed concept, which are provided as non-limiting examples 
solely for the purpose of illustration. Therefore, specific 
dimensions, orientations, assembly, number of components 
used, embodiment configurations and other physical charac 
teristics related to the embodiments disclosed herein are not 
to be considered limiting on the scope of the disclosed con 
cept. 
0026 Directional phrases used herein, such as, for 
example, clockwise, counterclockwise, left, right, top, bot 
tom, upwards, downwards and derivatives thereof, relate to 
the orientation of the elements shown in the drawings and are 
not limiting upon the claims unless expressly recited therein. 
0027. As used herein, the singular form of an and 
“the include plural references unless the context clearly 
dictates otherwise. 
0028. As used herein, the statement that two or more parts 
or components are "coupled shall mean that the parts are 
joined or operate together either directly or indirectly, i.e., 
through one or more intermediate parts or components, so 
long as a link occurs. As used herein, “directly coupled 
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means that two elements are directly in contact with each 
other. It is noted that moving parts, such as but not limited to 
circuit breaker contacts, are “directly coupled when in one 
position, e.g. the closed, second position, but are not “directly 
coupled when in the open, first position. As used herein, 
“fixedly coupled or “fixed' means that two components are 
coupled so as to move as one while maintaining a constant 
orientation relative to each other. Accordingly, when two 
elements are coupled, all portions of those elements are 
coupled. A description, however, of a specific portion of a first 
element being coupled to a second element, e.g., an axle first 
end being coupled to a first wheel, means that the specific 
portion of the first element is disposed closer to the second 
element than the other portions thereof. 
0029. As used herein, the phrase “removably coupled 
means that one component is coupled with another compo 
nent in an essentially temporary manner. That is, the two 
components are coupled in Such a way that the joining or 
separation of the components is easy and would not damage 
the components. For example, two components secured to 
each other with a limited number of readily accessible fas 
teners are “removably coupled whereas two components 
that are welded together or joined by difficult to access fas 
teners are not “removably coupled. A “difficult to access 
fastener' is one that requires the removal of one or more other 
components prior to accessing the fastener wherein the "other 
component' is not an access device Such as, but not limited to, 
a door. 

0030. As used herein, a “coupling assembly' includes two 
or more couplings or coupling components. The components 
of a coupling or coupling assembly are generally not part of 
the same element or other component. As such, the compo 
nents of a “coupling assembly' may not be described at the 
same time in the following description. 
0031. As used herein, a “coupling' or “coupling compo 
nent(s) is one or more component(s) of a coupling assembly. 
That is, a coupling assembly includes at least two components 
that are structured to be coupled together. It is understood that 
the components of a coupling assembly are compatible with 
each other. For example, in a coupling assembly, if one cou 
pling component is a Snap Socket, the other coupling compo 
nent is a Snap plug, or, if one coupling component is a bolt, 
then the other coupling component is a nut. 
0032. As used herein, “correspond indicates that two 
structural components are sized and shaped to be similar to 
each other and may be coupled with a minimum amount of 
friction. Thus, an opening which "corresponds' to a member 
is sized slightly larger than the member so that the member 
may pass through the opening with a minimum amount of 
friction. This definition is modified if the two components are 
said to fit 'snugly' together or 'Snuggly correspond. In that 
situation, the difference between the size of the components is 
even smaller whereby the amount of friction increases. If the 
element defining the opening and/or the component inserted 
into the opening is made from a deformable or compressible 
material, the opening may even be slightly smaller than the 
component being inserted into the opening. This definition is 
further modified if the two components are said to “substan 
tially correspond.”“Substantially correspond’ means that the 
size of the opening is very close to the size of the element 
inserted therein; that is, not so close as to cause Substantial 
friction, as with a Snug fit, but with more contact and friction 
than a "corresponding fit, i.e., a “slightly larger fit. 
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0033. As used herein, the statement that two or more parts 
or components “engage' one another shall mean that the 
elements exert a force or bias against one another either 
directly or through one or more intermediate elements or 
components. Further, as used herein with regard to moving 
parts, a moving part may “engage another element during 
the motion from one position to another and/or may “engage' 
another element once in the described position. Thus, it is 
understood that the statements, “when element A moves to 
element A first position, element A engages element B. and 
“when element A is in element A first position, element A 
engages element B are equivalent statements and mean that 
element A either engages element B while moving to element 
A first position and/or element A either engages element B 
while in element A first position. 
0034. As used herein, “operatively engage” means 
“engage and move.” That is, “operatively engage' when used 
in relation to a first component that is structured to move a 
movable or rotatable second component means that the first 
component applies a force Sufficient to cause the second 
component to move. For example, a screwdriver may be 
placed into contact with a screw. When no force is applied to 
the screwdriver, the screwdriver is merely “coupled to the 
screw. If an axial force is applied to the screwdriver, the 
screwdriver is pressed against the screw and “engages” the 
screw. However, when a rotational force is applied to the 
screwdriver, the screwdriver operatively engages the screw 
and causes the screw to rotate. 

0035. As used herein, “operatively coupled” means that a 
number of elements or assemblies, each of which is movable 
between a first position and a second position, or a first 
configuration and a second configuration, are coupled so that 
as the first element moves from one position/configuration to 
the other, the second element moves between positions/con 
figurations as well. It is noted that a first element may be 
“operatively coupled to another without the opposite being 
true 

0036. As used herein, the word “unitary' means a compo 
nent is created as a single piece or unit. That is, a component 
that includes pieces that are created separately and then 
coupled together as a unit is not a “unitary component or 
body. 
0037. As used herein, the term “number shall mean one 
or an integer greater than one (i.e., a plurality). 
0038. As used herein, “associated” means that the ele 
ments are part of the same assembly and/or operate together, 
or, act upon/with each other in some manner. For example, an 
automobile has four tires and four hub caps. While all the 
elements are coupled as part of the automobile, it is under 
stood that each hubcap is “associated with a specific tire. 
0039. As used herein, “submersible' when used in refer 
ence to a housing assembly means that the housing assembly 
is Substantially resistant to liquid infiltration. 
0040. As used herein, a “window' on a submersible hous 
ing assembly means a construct that allows light to pass 
therethrough but which is substantially resistant to liquid 
infiltration. Thus, an uncovered opening, i.e. a hole is not a 
“window' as used herein because the uncovered opening is 
not substantially resistant to liquid infiltration. Further, for a 
window to be a construct that is substantially resistant to 
liquid infiltration, there must be some indication that the 
construct resists water infiltration; an indication that a win 
dow simply closes is also not a “window' as used herein. That 
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is, a window that simply closes does not have an indication 
that the construct resists water infiltration. 

0041 As used herein “substantially resistant to liquid 
infiltration” means exposure to about 3 meters of head water 
above the top of the enclosure for 24 hours without leaks. This 
generally corresponds to 35 kPa or 5 psi external pressure. 
0042. Further, and as used herein, a “viewing window' has 
a field of view. The field of view is that which is easily visible 
through the window when viewed from a distance of at least 
one foot and generally normal to the window Surface; that is, 
the viewer cannot be immediately adjacent the window. Fur 
ther, as used herein, a “viewing window' is aligned with 
movable mechanical construct that is within the field of view. 
That is, for example, a window in a fluid conduit is not a 
“viewing window' because such a window does not have a 
movable mechanical construct within the field of view. It is 
further noted that the “viewing window' does not lose its 
status as a “viewing window' when the movable mechanical 
construct moves out of the field of view. That is, if at any time 
a movable mechanical construct is within the field of view of 
the window, it is a “viewing window” for that movable 
mechanical construct. 

0043. As used herein, a “contact assembly' includes a 
conductive member and a conductive coupling. The conduc 
tive member is coupled to, and in electrical communication 
with, the conductive coupling. The conductive coupling is 
structured to be selectively coupled to, and in electrical com 
munication with, another conductive coupling. For example, 
a conductive coupling includes, but is not limited to, a disk 
that is structured to engage another disk. As another example, 
a conductive coupling includes a resilient spring-like clamp 
into which a planar member (a stab) is inserted. 
0044 As used herein, a “pair of contact assemblies' or 
"pair of <name> contact assemblies' means a first contact 
assembly and a second contact assembly wherein the first and 
second contact assemblies move between two positions, a 
first position, wherein the contact assemblies are separated 
and are not in electrical communication, and a second posi 
tion wherein the contact assemblies are coupled, or directly 
coupled, and are in electrical communication. One or both of 
the contact assemblies are movable. That is, one contact 
assembly may be fixed and only the other contact assembly 
moves between the first and second position. 
0045. As used herein, a “camming surface' is a surface 
that is structured to, and does, engage another element and 
moves the element or is moved thereby. A surface that is 
merely capable of engaging another element but does not 
actually do so is not a "camming Surface.” 
0046. As shown in FIG. 1, an electrical system 10 includes 
a medium Voltage distribution Switchgear 12, a network 
transformer primary disconnect assembly 14, a transformer 
16, and a network protector 18. These elements are coupled 
to, and in electrical communication with, each other via a 
conductor 20 such as, but not limited to a cable. That is, in an 
exemplary embodiment, the medium Voltage distribution 
Switchgear 12 is coupled to, and in electrical communication 
with, the network transformer primary disconnect assembly 
14. The network transformer primary disconnect assembly 14 
is coupled to, and in electrical communication with, trans 
former 16. The transformer 16 is coupled to, and in electrical 
communication with, network protector 18. Further, the 
medium Voltage distribution Switchgear 12 is coupled to, and 
in electrical communication with, a source of power (a line), 
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not shown. The network protector 18 is coupled to, and in 
electrical communication with, a low Voltage network (a 
load). 
0047. As shown in FIGS. 2-6, the network transformer 
primary disconnect assembly 14 includes a housing assembly 
30, a number of electrical components 40, and an interlock 
assembly 70. The housing assembly 30 includes a number of 
sidewalls 32 that define an enclosed space 31. The housing 
assembly 30 is submersible. That is, as is known, various 
openings through which conductors extend are sealed so as to 
substantially resist infiltration by liquids. Further, various 
openings, such as but not limited to selectively removable 
doors, are also sealed so as to Substantially resist infiltration 
by liquids. In an exemplary embodiment, the housing assem 
bly 30 includes six generally planar sidewalls 32 disposed as 
a parallelepiped. That is, the housing assembly sidewalls 32 
include a generally vertical front, first sidewall 32A, rear 
sidewall 32B a lateral, second sidewall 32C, as well as an 
opposing lateral sidewall 32D, a generally horizontal top 
sidewall 32E and a bottom sidewall 32F. 

0048. The housing assembly 30 also includes a conductor 
assembly 34 having a number of conductive members 36. The 
number of conductive members 36 include line members 37 
and load members 38. The line members 37 and load mem 
bers 38 extend through the housing assembly sidewalls 32 
and are coupled to and in electrical communication with the 
medium Voltage distribution switchgear 12 and the network 
protector 18, respectively. The number of conductive mem 
bers 36 further includes a number of slidable conductive 
couplings 39. In an exemplary embodiment, the slidable con 
ductive couplings 39 are circular collars 39A through which 
the operation contact assemblies 82 and the ground contact 
assemblies 182, both described below, slide. The slidable 
conductive couplings 39 are in electrical communication with 
the elements slidably disposed therein. The slidable conduc 
tive couplings 39, in an exemplary embodiment, include con 
ductive tubular collars and conductive coils (not shown). The 
tubular collars have a number of groves (not shown) disposed 
on the inner surface thereof. The conductive coils, which in an 
exemplary embodiment are resilient and spring-like, are 
shaped into a loop and disposed within the grooves. The inner 
cross-sectional area of the tubular collars is greater than the 
cross-sectional area of the conductive members 36. The inner 
cross-sectional area of the conductive coils loops is slightly 
less than the cross-sectional area of the conductive members 
36. In this configuration, as the conductive members 36 pass 
through the tubular collars, the conductive coils are com 
pressed and create a electrical coupling between the conduc 
tive members 36 and the tubular collars. See e.g. U.S. Pat. No. 
8,804.372 The housing assembly 30 is discussed in more 
detail below. 

0049. The number of electrical components 40 includes a 
circuit interrupter 42 and an interlock assembly 70. In an 
exemplary embodiment, the circuit interrupter 42 is a 
medium Voltage vacuum circuit breaker 44. The circuit inter 
rupter 42 includes a number of contact assemblies 46 that are 
structured to be, and are, selectively coupled to the interlock 
assembly movable contact assemblies 54, discussed below. 
As shown, the circuit interrupter contact assemblies 46 are 
not movable; i.e. the circuit interrupter contact assemblies 46 
are fixed. In an exemplary embodiment, the circuit interrupter 
contact assemblies 46 include a conductive cup-like body 43 
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having a base 45 and a number of flexible, upwardly depend 
ing fingers 47. The cup-like body 43 defines a contact assem 
bly enclosed space 49. 
0050. It is understood that the circuit interrupter 42, such 
as a medium Voltage vacuum circuit breaker 44, includes a 
number of internal contact assemblies 48 that are structured 
to separate during an over-current condition. The remainder 
of this discussion, however, relates to the circuit interrupter 
contact assemblies 46 that are structured to be, and are, selec 
tively coupled to the interlock assembly movable contact 
assemblies 54. Further, the interlock assembly 70 may be 
disposed on either the line side or the load side of the circuit 
interrupter 42. In the exemplary embodiment shown, the 
interlock assembly 70 is disposed on the line side of the 
circuit interrupter 42. In this configuration, the network trans 
former primary disconnect assembly 14 is structured to 
ground the medium Voltage distribution Switchgear 12. It is 
noted that the medium voltage distribution switchgear 12 is 
de-energized prior to grounding. In an embodiment wherein 
the interlock assembly 70 is disposed on the load side of the 
circuit interrupter 42, not shown, the network transformer 
primary disconnect assembly 14 is structured to ground the 
transformer 16. 

0051. It is further understood that the circuit interrupter 42 
includes a number of contact assemblies 46 on both the line 
side and the load side of the internal contact assemblies 48. 
The following discussion addresses only those circuit inter 
rupter contact assemblies 46 that are structured to be, and are, 
coupled to and in electrical communication with the interlock 
assembly 70. The circuit interrupter contact assemblies 46 
that are structured to be, and are, coupled to and in electrical 
communication with the interlock assembly 70 may be either 
the line or the load circuit interrupter contact assemblies 46 
depending upon whether the network transformer primary 
disconnect assembly 14 is structured to ground the medium 
voltage distribution switchgear 12 or the transformer 16, as 
described above. In an exemplary embodiment as shown, the 
line side circuit interrupter contact assemblies 46 are used. 
0052. The circuit interrupter contact assemblies 46 
include a number of operation contact assemblies 50 and a 
number of ground contact assemblies 52. As used herein, the 
contact assemblies 50, 52 on the circuit interrupter 42 are 
identified as "circuit interrupter operation contact assemblies 
50” or “circuit interrupter ground contact assemblies 52. As 
set forth below, the operation assembly operation contact 
assemblies 82 are identified as “operation contact assemblies 
82 and the ground assembly operation contact assemblies 
182 are identified as “ground contact assemblies 82.” 
0053. In an exemplary embodiment, the circuit interrupter 
42 is a three-pole circuit interrupter 42; accordingly, in the 
embodiment shown, there are three circuit interrupter opera 
tion contact assemblies 50 and three circuit interrupter 
ground contact assemblies 52. The circuit interrupter “opera 
tion' contact assemblies 50 are coupled to, and in electrical 
communication with, the internal contact assemblies 48. The 
circuit interrupter “operation' contact assemblies 50 are the 
circuit interrupter contact assemblies 46 used during normal 
operation of the electrical system 10. The circuit interrupter 
“ground' contact assemblies 52 are each coupled to, and in 
electrical communication with a ground (not shown). The 
circuit interrupter “ground contact assemblies 52 are the 
circuit interrupter contact assemblies 46 used during mainte 
nance operations, and other operations, of the electrical sys 
tem 10. The circuit interrupter operation contact assemblies 
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50 and the circuit interrupter ground contact assemblies 52 
are also, as used herein, part of the interlock assembly 70. 
0054 As shown in FIGS. 7-10, the interlock assembly 70 
includes a mechanical interlock assembly 71 and an electrical 
interlock assembly (not shown). The electrical interlock 
assembly includes sensors (not shown) that track the posi 
tions of the circuit breaker internal contact assemblies 48 as 
well as other electrical elements and prevents the operation 
contact assemblies 82 and ground contact assemblies 182, 
discussed below, in the second position simultaneously. The 
mechanical interlock assembly 71 includes an operation 
assembly 72, a ground assembly 74, and a blocking member 
assembly 76. 
0055. The operation assembly 72 includes a movable 
operation contact carriage assembly 80, a carriage drive 
assembly 81, and a number of operation contact assemblies 
82. Each operation assembly operation contact assembly 82 
(hereinafter “operation contact assembly’82) has an associ 
ated circuit interrupter operation contact assembly 50. Stated 
alternately, the operation assembly 72 includes a number of 
pairs of operation contact assemblies 84. That is, each pair of 
operation contact assemblies 84 includes a circuit interrupter 
operation contact assembly 50 and an associated operation 
assembly operation contact assembly 82. Each operation con 
tact assembly 82 moves between a first position, wherein the 
operation contact assembly 82 is spaced from, and not in 
electrical communication with, the associated circuit inter 
rupter operation contact assembly 50, and a second position, 
wherein the operation contact assembly 82 is coupled or 
directly coupled to, and in electrical communication with, the 
associated circuit interrupter operation contact assembly 50. 
In an exemplary embodiment, each operation assembly 
operation contact assembly 82 is an elongated, generally 
cylindrical rod sized to correspond to the circuit interrupter 
contact assemblies enclosed space 49. 
0056. The operation contact carriage assembly 80 
includes, in an exemplary embodiment, a body 90 having an 
elongated first portion 92 and an elongated second portion 94. 
The operation contact carriage body first portion 92 and the 
operation contact carriage body second portion 94 are dis 
posed generally perpendicular to each other. As shown, the 
operation contact carriage assembly operation contact car 
riage body 90 (or “operation contact carriage 90) has a 
T-shaped configuration. In an exemplary embodiment, the 
operation contact carriage 90 is generally planar. As shown, 
the planar operation contact carriage 90 is movable disposed 
in the housing assembly 30 with the plane of the operation 
contact carriage 90 extending generally horizontally. Further, 
each operation assembly operation contact assembly 82 
extends generally vertically and downwardly from the opera 
tion contact carriage 90. The operation contact carriage 
assembly 80, in an exemplary embodiment, includes insulat 
ing members (not shown) between the operation contact car 
riage 90 and each operation assembly operation contact 
assembly 82. In an exemplary embodiment, the operation 
contact carriage 90 includes a threaded drive passage 95 and 
a number of guide Surfaces 96. The operation contact carriage 
body drive passage 95 and guide surfaces 96 interact with the 
operation assembly carriage drive assembly 81. 
0057 The operation contact carriage 90 is movably dis 
posed in the housing assembly 30. The operation contact 
carriage 90 is moved by the operation assembly carriage drive 
assembly 81. In an exemplary embodiment, the operation 
assembly carriage drive assembly 81 includes a threaded rod 



US 2016/O 126029 A1 

100 and a drive linkage 102. The operation assembly carriage 
drive assembly threaded rod 100 is sized and threaded to 
correspond to the operation contact carriage body drive pas 
sage 95. As shown, and in an exemplary embodiment, the 
operation assembly carriage drive assembly threaded rod 100 
is rotatably coupled to the housing assembly 30 and extends 
generally vertically. Further, in this exemplary embodiment, 
the lower end of the operation assembly carriage drive assem 
bly threaded rod 100 includes a miter gear 104. In an exem 
plary embodiment, the operation assembly carriage drive 
assembly drive linkage 102 includes an elongated rod 106, a 
tool coupling 108 and a miter gear 110. 
0058. The housing assembly 30 includes a number of 
guide members 120. The housing assembly guide members 
120 include vertically extending guide surfaces 122. In an 
exemplary embodiment, the housing assembly guide mem 
bers 120 include elongated members that are disposed gen 
erally vertically within, and are coupled to, the housing 
assembly 30. The housing assembly guide members 120 are 
disposed adjacent the operation contact carriage 90 and are 
structured to maintain the operation contact carriage 90 in a 
generally vertical path as discussed below. In another 
embodiment, not shown, the operation contact carriage 90 
includes a number of passages and the housing assembly 
guide members 120 are elongated rods that correspond to, and 
pass through, the passages. 
0059. The operation assembly 72 is assembled as follows. 
Each operation assembly operation contact assembly 82 is 
coupled, directly coupled, or fixed to the operation contact 
carriage 90 and extend generally vertically and downwardly 
therefrom. Thus, each operation contact assembly 82 
includes a distal portion 83 located opposite the operation 
contact carriage 90. The operation contact carriage 90 is 
threadably coupled to the operation assembly carriage drive 
assembly threaded rod 100. The operation contact carriage 90 
is further positioned with the operation contact carriage body 
guide Surfaces 96 abutting, and slidably engaging, the hous 
ing assembly guide members 120. The operation assembly 
carriage drive assembly drive linkage 102 is rotatably coupled 
to the housing assembly 30 with the operation assembly car 
riage drive assembly drive linkage tool coupling 108 disposed 
outside the housing assembly 30 and the operation assembly 
carriage drive assembly drive linkage miter gear 110 opera 
tively engaging the operation assembly carriage drive assem 
bly threaded rod miter gear 104. In this configuration, rotation 
of the operation assembly carriage drive assembly drive link 
age rod 106, e.g. by a tool (not shown) engaging the operation 
carriage drive assembly drive linkage tool coupling 108, 
causes the operation contact carriage 90 to move between an 
upper, first position, and a lower, second position. Engage 
ment of the operation contact carriage body guide Surfaces 96 
and the housing assembly guide members 120 maintain the 
operation contact carriage 90 in a Substantially constant ori 
entation. That is, the operation contact carriage 90 translates 
(i.e. moves with a constant orientation) between the first and 
second positions. The space occupied by the operation con 
tact carriage 90 as it moves is, as used herein, the “path of 
travel” or “path.” 
0060. Further, each operation assembly operation contact 
assembly 82 is aligned with an associated circuit interrupter 
operation contact assembly 50. Thus, as the operation contact 
carriage 90 moves between the first and second positions, 
each operation assembly operation contact assembly 82 
moves between an open, first position, wherein the operation 

May 5, 2016 

assembly operation contact assembly 82 is spaced from the 
associated circuit interrupter operation contact assembly 50. 
and a closed, second position, wherein the operation assem 
bly operation contact assembly 82 is coupled to, and in elec 
trical communication with, the associated circuit interrupter 
operation contact assembly 50. 
0061 The ground assembly 74 is similar to the operation 
assembly 72. That is, the ground assembly 74 includes a 
movable ground contact carriage assembly 180, a carriage 
drive assembly 181, and a number of ground contact assem 
blies 182. Each ground assembly ground contact assembly 
182 (hereinafter “ground contact assembly” 182) has an asso 
ciated circuit interrupter ground contact assembly 52. Stated 
alternately, the ground assembly 74 includes a number of 
pairs of ground contact assemblies 184. That is, each pair of 
ground contact assemblies 184 includes a circuit interrupter 
ground contact assembly 52 and an associated ground assem 
bly ground contact assembly 182. Each ground contact 
assembly 182 moves between a first position, wherein the 
ground contact assembly 182 is spaced from, and not in 
electrical communication with, the associated circuit inter 
rupter ground contact assembly 52, and a second position, 
wherein the ground contact assembly 182 is coupled or 
directly coupled to, and in electrical communication with, the 
associated circuit interrupter ground contact assembly 52. In 
an exemplary embodiment, each ground assembly ground 
contact assembly 182 is an elongated, generally cylindrical 
rod sized to correspond to the circuit interrupter contact 
assemblies enclosed space 49. 
0062. The ground contact carriage assembly 180 includes, 
in an exemplary embodiment, a body 190 having an elongated 
first portion 192 and an elongated second portion 194. The 
ground contact carriage body first portion 192 and the ground 
contact carriage body second portion 194 are disposed gen 
erally perpendicular to each other. As shown, the contact 
carriage assembly ground contact carriage body 190 (or 
'ground contact carriage 190) has a T-shaped configuration. 
In an exemplary embodiment, the ground contact carriage 
190 is generally planar. As shown, the planar the ground 
contact carriage 190 is movable disposed in the housing 
assembly 30 with the plane of the ground contact carriage 190 
extending generally horizontally. Further, each ground 
assembly ground contact assembly 182 extends generally 
Vertically and downwardly from the ground contact carriage 
190. The ground contact carriage assembly 180, in an exem 
plary embodiment, includes insulating members (not shown) 
between the ground contact carriage 190 and each ground 
assembly operation contact assembly 182. In an exemplary 
embodiment, the ground contact carriage body 90 includes a 
threaded drive passage 195 and a number of guide surfaces 
196. The ground contact carriage body drive passage 195 and 
guide Surfaces 196 interact with the ground assembly carriage 
drive assembly 18181. 
0063. The ground contact carriage 190 is movably dis 
posed in the housing assembly 30. The ground contact car 
riage 190 is moved by the ground assembly carriage drive 
assembly 181. In an exemplary embodiment, the ground 
assembly carriage drive assembly 181 includes a threaded rod 
200 and a drive linkage 202. The ground carriage drive assem 
bly threaded rod 200 is sized and threaded to correspond to 
the ground contact carriage body drive passage 195. As 
shown, and in an exemplary embodiment, the ground carriage 
drive assembly threaded rod 200 is rotatably coupled to the 
housing assembly 30 and extends generally vertically. Fur 
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ther, in this exemplary embodiment, the lower end of the 
ground carriage drive assembly threaded rod 200 includes a 
miter gear 204. In an exemplary embodiment, the ground 
assembly carriage drive assembly drive linkage 202 includes 
an elongated rod 206, a tool coupling 208 and a miter gear 
210. 

0064. As noted above, the housing assembly 30 includes a 
number of guide members 120. The housing assembly guide 
members 120 are also disposed adjacent the ground contact 
carriage 190 and are structured to maintain the ground contact 
carriage 190 in a generally vertical path as discussed below. In 
another embodiment, not shown, the ground contact carriage 
190 includes a number of passages and the housing assembly 
guide members 120 are elongated rods that correspond to, and 
pass through, the passages. 
0065. The ground assembly 74 is assembled as follows. 
Each ground assembly ground contact assembly 182 is 
coupled, directly coupled, or fixed to the ground contact 
carriage 190 and extend generally vertically and downwardly 
therefrom. Thus, each ground contact assembly 182 includes 
a distal portion 183 located opposite the ground contact car 
riage 190. The ground contact carriage 190 is threadably 
coupled to the ground assembly carriage drive assembly 
threaded rod 200. The ground contact carriage 190 is further 
positioned with the ground contact carriage body guide Sur 
faces 196 abutting, and slidably engaging, the housing assem 
bly guide members 120. The ground assembly carriage drive 
assembly drive linkage 202 is rotatably coupled to the hous 
ing assembly 30 with the ground assembly carriage drive 
assembly drive linkage tool coupling 208 disposed outside 
the housing assembly 30 and the ground carriage drive assem 
bly drive linkage miter gear 210 operatively engaging the 
ground assembly carriage drive assembly threaded rod miter 
gear 204. In this configuration, rotation of the ground assem 
bly carriage drive assembly drive linkage rod 206, (e.g. by a 
tool (not shown) engaging the ground assembly carriage drive 
assembly drive linkage tool coupling 208, causes the ground 
contact carriage 190 to move between an upper, first position, 
and a lower, second position. Engagement of the ground 
contact carriage body guide surfaces 196 and the housing 
assembly guide members 120 maintain the ground contact 
carriage body 190 in a substantially constant orientation. That 
is, the ground contact carriage 190 translates (i.e. moves with 
a constant orientation) between the first and second positions. 
The space occupied by the ground contact carriage 190 as it 
moves is, as used herein, the “path of travel' or “path.” 
0066 Further, each ground assembly ground contact 
assembly 182 is aligned with an associated circuit interrupter 
ground contact assembly 52. Thus, as the ground contact 
carriage 190 moves between the first and second positions, 
each ground assembly ground contact assembly 182 moves 
between an open, first position, wherein the ground assembly 
ground contact assembly 182 is spaced from the associated 
circuit interrupter ground contact assembly 52, and a closed, 
second position, wherein the ground assembly ground con 
tact assembly 182 is coupled to, and in electrical communi 
cation with, the associated circuit interrupter ground contact 
assembly 52. 
0067. In this configuration, the operation assembly opera 
tion contact assemblies 82 and the ground assembly ground 
contact assemblies 182 all move relative to the fixed circuit 
interrupter operation contact assemblies 50 and the circuit 
interrupter ground contact assemblies 52. Accordingly, the 
term “movable contact assembly’54 refers collectively to the 
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operation assembly operation contact assemblies 82 and the 
ground assembly ground contact assemblies 182. 
0068. The blocking member assembly 76 is structured to 
ensure that only one of either the operation contact assem 
blies 82 or the ground contact assemblies 182 are in the 
second position at one time. In an exemplary embodiment, the 
blocking member assembly 76 includes a body 130, shown in 
FIGS. 11-14, with an obstruction portion 132 and a lacunar 
portion 134. As used herein, a “lacunar portion' is a missing 
portion; that is, the lacunar portion 134 is empty, but is 
defined by the maximum dimensions of the blocking member 
assembly body 130. That is, any space beyond the maximum 
dimensions of the blocking member assembly body 130 is not 
a “lacunar portion, but, a space within the maximum dimen 
sions of blocking member assembly body 130 is a “lacunar 
portion.” 
0069. In an exemplary embodiment, the blocking member 
assembly body 130 is elongated and has an axis of rotation. 
The blocking member assembly body obstruction portion 132 
(hereinafter “obstruction portion 132) is elongated and 
includes a generally D-shaped cross-section (FIG. 14). The 
blocking member assembly body 130 axis of rotation, in an 
exemplary embodiment, is disposed adjacent the center of the 
vertical stroke of the "D' shape. The blocking member 
assembly body 130 further includes an axle member 136. The 
axle member 136 is an elongated member having a generally 
circular cross-section. Further, the axle member 136 cross 
sectional area is less than the blocking member assembly 
body obstruction portion 132. The blocking member assem 
bly body 130 axis of rotation, in an exemplary embodiment, is 
disposed along the longitudinal axis of the axle member 136. 
0070 The maximum length of the blocking member 
assembly body 130 is the length of the elongated obstruction 
portion 132 and the elongated axle member 136. The obstruc 
tion portion 132 defines the maximum cross-sectional dimen 
sions of the blocking member assembly body 130. Accord 
ingly, the maximum dimensions of the blocking member 
assembly body 130 are defined by the cross-sectional dimen 
sions of the blocking member assembly body 130 and the 
overall length of the blocking member assembly body 130. 
Thus, the blocking member assembly body lacunar portion 
134 (hereinafter “lacunar portion 134) is the empty space 
disposed about the axle member 136. That is, the space dis 
posed about the axle member 136 is within the maximum 
dimensions of the blocking member assembly body 130 but is 
empty. As the axle member 136, in this embodiment, defines 
the lacunar portion 134, the axle member 136 is identified as 
part of the lacunar portion 134. Further, in an exemplary 
embodiment, the obstruction portion 132 has a length gener 
ally corresponding to the length of the ground contact car 
riage 190 path. 
(0071. As shown in FIGS. 11-13, the lacunar portion 134, 
and therefore the axle member 136, is disposed at the upper 
end of the obstruction portion 132. There is also a lower axle 
member 137 disposed at the lower end of the obstruction 
portion 132. As shown, and in an exemplary embodiment, 
both the axle member 136 and the lower axle member 137 are 
tiered constructs. That is, each of the axle member 136 and the 
lower axle member 137 have a wide radius portion 138 and a 
narrow radius portion 139. 
0072 Further, in this configuration, at the interface of the 
obstruction portion 132 and the lacunar portion 134, the 
obstruction portion 132 includes an axial surface 140. As used 
herein, an “axial surface' or “axial side' extends perpendicu 



US 2016/O 126029 A1 

lar to the longitudinal axis. The obstruction portion axial 
surface 140 includes a first helical portion 142 and a second 
helical portion 144. The obstruction portion axial surface first 
and second helical portions 142, 144 extend away from the 
lacunar portion 134 and have opposing directions. That is, as 
shown, the obstruction portion axial surface first helical por 
tion 142 has a left hand direction and the obstruction portion 
axial Surface second helical portion 144 has a right hand 
direction. That is, the twist of the first helical portion 142 and 
the second helical portion 144 are opposite of each other. In 
this configuration, the first helical portion 142 and the second 
helical portion 144 are structured to be, and are, camming 
surfaces 143, 145, as described below. In an exemplary 
embodiment, the obstruction portion axial surface 140 
includes a flat 146, i.e. a surface that extends in a plane 
generally perpendicular to the blocking member assembly 
body 130 axis of rotation. 
0073. The blocking member assembly 76 further includes 
a support assembly 150. In an exemplary embodiment, the 
blocking member assembly support assembly 150 (hereinaf 
ter “support assembly” 150) includes two generally planar 
support member bodies 152. The support assembly support 
members bodies 152 are disposed in a spaced relationship. 
That is, there is an upper support member 154 and a lower 
support member 156. The plane of the support assembly 
support members bodies 152 extend generally horizontally. 
The support assembly support members bodies 152 are 
coupled to the housing assembly 30. In an exemplary embodi 
ment, the support assembly support members bodies 152 
include a generally circular axle passage 158. 
0074 The blocking member assembly 76 further includes 
a biasing assembly 160. The blocking member assembly bias 
ing assembly 160 (hereinafter “biasing assembly” 160) is 
structured to bias the blocking member assembly body 130 to 
a neutral position, as described below. In an exemplary 
embodiment, the biasing assembly 160 includes a number of 
tension springs 162, two shown, and an elongated torque 
member 164. The torque member 164 includes an elongated 
body 166. 
0075. The interlock assembly 70 is assembled as follows. 
The support assembly 150 is disposed within the housing 
assembly enclosed space 31 and is coupled, directly coupled, 
or fixed to the housing assembly 30. As shown in FIG. 3, the 
support assembly 150 is disposed above the circuit interrupter 
42. The blocking member assembly body 130 is rotatably 
coupled to the support assembly 150. In an exemplary 
embodiment, the blocking member assembly body axle 
member 136 and the blocking member assembly body lower 
axle member 137 are rotatably disposed in the support assem 
bly support member axle passages 158. 
0076. The biasing assembly 160 is disposed on the upper 
surface of the upper support member 154. That is, the elon 
gated torque member 164 is coupled to, directly coupled to, or 
fixed to, the blocking member assembly body axle member 
136 and extends generally perpendicular to the blocking 
member assembly body 130 axis of rotation. As shown, the 
torque member 164 is coupled to, directly coupled to, or fixed 
to, the axle member narrow radius portion 139 that extends 
above the upper surface of the upper support member 154. 
The biasing assembly tension springs 162 are coupled to the 
torque member 164 as well as the upper surface of the upper 
Support member 154. In this configuration, the biasing assem 
bly 160 is structured to bias the blocking member assembly 
body 130 to a neutral position, as described below. 
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0077. The operation assembly 72 is disposed adjacent to 
the blocking member assembly body 130. That is, the opera 
tion contact carriage body first portion 92 is disposed imme 
diately adjacent the blocking member assembly body 130. 
The operation assembly carriage drive assembly threaded rod 
100 extends generally parallel to the blocking member 
assembly body 130 axis of rotation. Further, each operation 
assembly operation contact assembly 82 is slidably disposed 
through a slidable conductive coupling 39. Thus, the opera 
tion assembly operation contact assemblies 82 are coupled to, 
and in electrical communication with the medium Voltage 
distribution switchgear 12 via the conductor assembly 34. 
Further, each operation assembly operation contact assembly 
82 is aligned with an associated circuit interrupter operation 
contact assembly 50. Initially, the operation contact carriage 
90 is in the first position with the operation contact carriage 
body first portion 92 disposed in the lacunar portion 134. 
0078 Similarly, the ground assembly 74 is also disposed 
adjacent to the blocking member assembly body 130. The 
ground assembly 74 is disposed in opposition, i.e. on the other 
side of the blocking member assembly body 130 axis of 
rotation, to the operation assembly 72. The ground contact 
carriage body first portion 192 is disposed immediately adja 
cent the blocking member assembly body 130. The ground 
assembly carriage drive assembly threaded rod 200 extends 
generally parallel to the blocking member assembly body 130 
axis of rotation. Further, each ground assembly ground con 
tact assembly 182 is slidably disposed through a slidable 
conductive coupling 39. Thus, the ground assembly ground 
contact assemblies 182 are coupled to, and in electrical com 
munication with the medium Voltage distribution Switchgear 
12 via the conductor assembly 34. Further, each ground 
assembly ground contact assembly 182 is aligned with an 
associated circuit interrupter contact ground contact assem 
bly 52. Initially, the ground contact carriage 190 is in the first 
position with the ground contact carriage body first portion 
192 disposed in the lacunar portion 134. Accordingly, when 
the movable operation contact carriage 90 is in the first posi 
tion and the ground contact carriage 190 is in the first posi 
tion, the operation contact carriage body first portion 92 and 
the ground contact carriage body first portion 192 are spaced, 
but extend generally parallel to each other. 
0079. In this configuration, the operation contact carriage 
90 and the ground contact carriage 190 are structured to, and 
do, move in a generally vertical path adjacent the blocking 
member assembly body 130. Moreover, both the operation 
contact carriage 90 path and the ground contact carriage 190 
path overlap the obstruction portion 132 when the blocking 
member assembly body 130 is in a neutral position. That is, 
the blocking member assembly body 130 is movable between 
a first position, wherein the blocking member assembly body 
obstruction portion 132 is disposed in the path of the ground 
contact carriage 190, a neutral position, wherein the blocking 
member assembly body obstruction portion 132 is disposed 
in the path of the operation contact carriage 90 and the ground 
contact carriage 190, and a second position, wherein the 
blocking member assembly body obstruction portion 132 is 
disposed in the path of the operation contact carriage 90. 
0080 Thus, the blocking member assembly body 130 is 
structured to, and does, allow only the operation contact 
carriage 90 or the ground contact carriage 190 to move into 
the second position. That is, when the blocking member 
assembly body 130 is in the neutral position, both the opera 
tion contact carriage 90 and the ground contact carriage 190 
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are in the second position and disposed in the lacunar portion 
134. Moreover, the blocking member assembly body obstruc 
tion portion 132 is partially disposed in the path of both the 
operation contact carriage 90 and the ground contact carriage 
190. Thus, neither the operation contact carriage 90 or the 
ground contact carriage 190 can move to the second position. 
When the blocking member assembly body 130 is in the 
neutral position, the first helical portion 142 is disposed in the 
operation contact carriage 90 path, and, the second helical 
portion 144 is disposed in the ground contact carriage 190 
path. 
I0081. When the blocking member assembly body 130 is in 
the first position, the blocking member assembly body 130 
has rotated so that the vertical stroke of the "D' shaped 
blocking member assembly body obstruction portion 132 is 
disposed adjacent, i.e. is facing, the operation contact car 
riage 90. When the blocking member assembly body obstruc 
tion portion 132 is in this orientation, the blocking member 
assembly body obstruction portion 132 is not disposed in the 
operation contact carriage 90. Thus, the operation contact 
carriage 90 can move between the first and second positions. 
Further, when the blocking member assembly body obstruc 
tion portion 132 is in this orientation, the blocking member 
assembly body obstruction portion 132 is fully disposed in 
the path of the ground contact carriage 190. Thus, the ground 
contact carriage 190 cannot move into the second position. 
0082 Conversely, when the blocking member assembly 
body 130 is in the second position, the blocking member 
assembly body 130 has rotated so that the vertical stroke of 
the "D' shaped blocking member assembly body obstruction 
portion 132 is disposed adjacent, i.e. is facing, the ground 
contact carriage 190. When the blocking member assembly 
body obstruction portion 132 is in this orientation, the block 
ing member assembly body obstruction portion 132 is not 
disposed in the ground contact carriage 190. Thus, the ground 
contact carriage 190 can move between the first and second 
positions. Further, when the blocking member assembly body 
obstruction portion 132 is in this orientation, the blocking 
member assembly body obstruction portion 132 is fully dis 
posed in the path of the operation contact carriage 90. Thus, 
the operation contact carriage 90 cannot move into the second 
position. 
0083. In an exemplary embodiment, not shown, the orien 
tation of the blocking member assembly body obstruction 
portion 132 is controlled by a motor coupled to the axle 
member 136. In the embodiment shown, the orientation of the 
blocking member assembly body obstruction portion 132 is 
mechanically controlled. That is, movement of either the 
operation contact carriage 90 or the ground contact carriage 
190 affects the orientation of the blocking member assembly 
body obstruction portion 132. For example, when the opera 
tion contact carriage 90 and the ground contact carriage 190 
are in the second position and disposed in the lacunar portion 
134, the blocking member assembly body 130 is in the neutral 
position. That is, as stated above, the biasing assembly 160 
biases the blocking member assembly body 130 to a neutral 
position. That is, neither the operation contact carriage 90 nor 
the ground contact carriage 190 are contacting the blocking 
member assembly body 130, thus, the biasing assembly 160 
biases the blocking member assembly body 130 to a neutral 
position. 
0084. When, for example, the operation contact carriage 
90 moves to the second position (by actuating the operation 
assembly carriage drive assembly threaded rod 100), the 

May 5, 2016 

operation contact carriage 90 contacts and engages the first 
helical portion 142. The engagement of the operation contact 
carriage 90 with the first helical portion 142 causes the block 
ing member assembly body 130 to rotate from the neutral 
position to the first position. That is, the cam action of the 
engagement of the operation contact carriage 90 with the first 
helical portion 142 overcomes the bias of the biasing assem 
bly 160 and causes the blocking member assembly body 130 
to rotate from the neutral position to the first position. As 
noted above, when the blocking member assembly body 130 
is in this orientation, the ground contact carriage 190 cannot 
move into the second position. That is, if the ground contact 
carriage 190 attempts to move into the second position, the 
ground contact carriage 190 contacts and engages the 
obstruction portion axial surface 140, or the flat 146, and 
cannot move further toward the second position. Further, even 
when the ground contact carriage 190 engages a helical por 
tion 142,144, the blocking member assembly body 130 can 
not rotate from the first position because any rotation is pre 
vented by the blocking member assembly body 130 engaging 
the operation contact carriage 90. 
I0085 Operation of the ground contact carriage 190 is 
similar. That is, when, for example, the ground contact car 
riage 190 moves to the second position (by actuating the 
ground assembly carriage drive assembly threaded rod 200), 
the ground contact carriage 190 contacts and engages the 
second helical portion 144. The engagement of the ground 
contact carriage 190 with the second helical portion 144 
causes the blocking member assembly body 130 to rotate 
from the neutral position to the second position. That is, the 
cam action of the engagement of the ground contact carriage 
190 with the second helical portion 144 overcomes the bias of 
the biasing assembly 160 and causes the blocking member 
assembly body 130 to rotate from the neutral position to the 
second position. As noted above, when the blocking member 
assembly body 130 is in this orientation, the operation contact 
carriage 190 cannot move into the second position. That is, if 
the operation contact carriage 90 attempts to move into the 
second position, the operation contact carriage 90 contacts 
and engages the obstruction portion axial Surface 140, or the 
flat 146, and cannot move further toward the second position. 
Further, even when the operation contact carriage 90 engages 
a helical portion 142, 144, the blocking member assembly 
body 130 cannot rotate from the first position because any 
rotation is prevented by the blocking member assembly body 
130 engaging the ground contact carriage 190. 
I0086 Thus, the blocking member assembly body 130 is 
movable between the first position and the second position 
only when the movable operation contact carriage 90 is in the 
first position and the ground contact carriage 190 is in the first 
position, i.e. when the movable operation contact carriage 90 
and the ground contact carriage 190 are both disposed in the 
lacunar portion 134. 
I0087 Further, the housing assembly 30 includes a visible 
break assembly 300, shown in FIGS. 2, 15 and 16. The visible 
break assembly 300 is structured to allow a user to see the 
position of the operation contact assemblies 82 and the 
ground contact assemblies 182. In an exemplary embodi 
ment, the visible break assembly 300 includes a number of 
viewing windows 302 (FIG. 2) in at least one sidewall 32. As 
noted above, the housing assembly 30 is submersible. Thus, a 
“window,” as defined above, is a construct that allows light to 
pass therethrough but which is Substantially resistant to liquid 
infiltration. In an exemplary embodiment, the viewing win 
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dows 302 are aligned with one of a contact assembly inter 
face, described below, or a movable contact assembly 54 in 
the open, first position. 

0088. That is, when a movable contact assembly 54 is in 
the second position, the movable contact assembly 54 and a 
circuit interrupter contact assembly 50, 52 meet at a “contact 
assembly interface.” Thus, as used herein, a "contact assem 
bly interface' is the location wherein the contact assemblies 
in a pair of operation contact assemblies 84 or a pair of ground 
contact assemblies 184 meet when in the second position. 
Thus, there are a number of operation contact assembly inter 
faces 304 (FIG. 4), wherein an operation contact assembly 84 
meets a circuit interrupter operation contact assembly 50, and 
a number of ground contact assembly interfaces 306 (FIG. 6). 
wherein a ground contact assembly 184 meets a circuit inter 
rupter ground contact assembly 52. 
0089. Further, as noted above, for each pair of operation 
contact assemblies 84 there is a pair of ground contact assem 
blies 184 associated with each pole of the circuit interrupter 
42. As used herein a “set of movable contact assemblies' 310 
(FIG. 15) means a pair of operation contact assemblies 84 and 
a pair of ground contact assemblies 184 associated with a pole 
of the circuit interrupter 42. That is, a “set of movable contact 
assemblies' 310 includes two pairs of movable contact 
assemblies 54. 

0090. Further, as noted above, in an exemplary embodi 
ment, there are three pairs of operation contact assemblies 84 
and three pairs of ground contact assemblies 184. That is, 
there are a number of, i.e. three sets of movable contact 
assemblies 54. The three pairs of operation contact assem 
blies 84 and three pairs of ground contact assemblies 184 are 
disposed in a matrix. As used herein, a “matrix” includes 
columns and generally perpendicular rows. In a configuration 
with three pairs of operation contact assemblies 84 and three 
pairs of ground contact assemblies 184, all the operation 
contact assemblies 84 are disposed in an “aligned column.” 
That is, as used herein, an “aligned column” is a group of pairs 
of contact assemblies 84, 184 wherein a line passes generally 
through the longitudinal axes of each pair of contact assem 
blies 84, 184 in the column. Thus, in an exemplary embodi 
ment, the three pairs of operation contact assemblies 84 are 
disposed in an aligned column; meaning that a line passes 
generally through the longitudinal axes of all the operation 
contact assemblies 84. Similarly, the three pairs of ground 
contact assemblies 184 are disposed in an aligned column; 
meaning that a line passes generally through the longitudinal 
axes of all the ground contact assemblies 184. 
0091 Conversely, in an exemplary embodiment, in a set of 
movable contact assemblies 310, the two pairs of movable 
contact assemblies 54 are offset. As is known, any two lines, 
e.g. the longitudinal axes of the two pairs of movable contact 
assemblies 54, can be crossed by a single third line. Accord 
ingly, as used herein and as shown in FIG. 15, an “offset row 
includes two pairs of movable contact assemblies 54 in a set 
of movable contact assemblies 310, as well as a viewing 
window 302 through which an element of both pairs of mov 
able contact assemblies 54 are within the field of view. Fur 
ther, an "offset row' means that a line cannot pass generally 
through the center of the viewing window 302 of the offset 
row and the longitudinal axes of an element of the two pairs of 
movable contact assemblies 54. Thus, when looking through 
the viewing window 302, both pairs of movable contact 
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assemblies 54 are visible. This is true even if one of the pairs 
of movable contact assemblies 54 is partially obscured by the 
other pair. 
0092. In an exemplary embodiment, the visible break 
assembly 300 includes a number of operation contact assem 
bly viewing windows 320 associated with the number of 
operation contact assemblies 82 as well as a number of 
ground contact assembly viewing windows 322 associated 
with the number of ground contact assemblies 182. That is, as 
used herein, an “operation contact assembly viewing win 
dow' 320 is a viewing window 302 wherein a number of 
operation contact assembly interfaces 304 are within the field 
of view of the “operation contact assembly viewing window' 
320 while no ground contact assembly interfaces 306 are 
within the field of view of the “operation contact assembly 
viewing window' 320. Similarly, as used herein, a “ground 
contact assembly viewing window'322 is a viewing window 
302 wherein a number of ground contact assembly interfaces 
306 are within the field of view of the “ground contact assem 
bly viewing window' 322 (as shown in FIG. 15) while no 
operations contact assembly interfaces 304 are within the 
field of view of the “ground contact assembly viewing win 
dow’ 322. 

0093. In an exemplary embodiment, the visible break 
assembly 300 includes a single operation contact assembly 
viewing window 320 and a single ground contact assembly 
viewing window 322. As shown in FIG. 2, the single opera 
tion contact assembly viewing window 320 and single ground 
contact assembly viewing window 322 are disposed on a 
housing assembly lateral sidewall 32C. In this position, the 
operation contact assembly viewing window 320 is aligned 
with the column of operation contact assemblies 84 at the 
operation contact assembly interfaces 304. That is, a line 
extending generally normal to about the center of the opera 
tion contact assembly viewing window 320 passes through 
the longitudinal axes of the operation contact assemblies 84 
when in the second position. Further, the operation contact 
assembly interfaces 304 are within the field of view of the 
operation contact assembly viewing window 320. Also, the 
ground contact assemblies 184 are not within the field of view 
of the operation contact assembly viewing window 320. 
Thus, a user can determine if the operation contact assemblies 
84 are in the second position by looking through the operation 
contact assembly viewing window 320. 
0094 Similarly, the ground contact assembly viewing 
window 322 is aligned with the column of ground contact 
assemblies 184 at the ground contact assembly interfaces 
306. That is, a line extending generally normal to about the 
center of the ground contact assembly viewing window 322 
passes through the longitudinal axes of the ground contact 
assemblies 184 when in the second position. Further, the 
ground contact assembly interfaces 306 are within the field of 
view of the ground contact assembly viewing window 322. 
Also, the operation contact assemblies 84 are not within the 
field of view of the ground contact assembly viewing window 
322. Thus, a user can determine if the ground contact assem 
blies 184 are in the second position by looking through the 
ground contact assembly viewing window 322. 
0095. Further, in an exemplary embodiment, the visible 
break assembly 300 includes a number of offset row viewing 
windows 328. As used herein, an “offset row viewing win 
dow' 328 is a viewing window 302 wherein a single set of 
movable contact assemblies 310 is within the field of view of 
the offset row viewing window 328. Further, in an exemplary 
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embodiment, each offset row viewing windows 328 is dis 
posed at an elevation on the housing assembly 30 at about the 
same elevation as the operation contact assembly distal por 
tion 83 and ground contact assembly distal portion 183 when 
the operation contact assembly 82, or the ground contact 
assembly 182, is in the first position. In this configuration, the 
operation contact assembly distal portion 83 and/or the 
ground contact assembly distal portion 183 is within the 
offset row viewing window 328 when the operation contact 
assembly 82 and/or the ground contact assembly 182 is in the 
first position. It is noted that, in an exemplary embodiment, 
there is one offset row viewing window 328 associated with 
each set of movable contact assemblies 310. That is, there is 
one offset row viewing window 328 associated with each pole 
of the circuit interrupter 42. 
0096. As shown in FIG. 2, at this elevation, the offset row 
viewing windows 328 are also disposed at about the same 
elevation as the openings (not shown) through which the line 
members 37 extend through rear sidewall 32B. Thus, if the 
need arose, the line members 37 could be reconfigured to 
extend through the front sidewall 32A via the offset row 
viewing windows 328. Accordingly, the offset row viewing 
windows 328 are removable. 

0097. As noted above, the housing assembly 30 includes a 
number of sidewalls 32 that define an enclosed space 31. 
Thus, each of the housing assembly sidewalls 32 has an inner 
side 33. Further, as set forth above, each sidewall 32 has an 
associated letter to distinguish between the various sidewalls. 
Hereinafter, the same letter is associated with the reference 
number “33” to distinguish between the various sidewall 
inner surfaces. Further, an enclosed space 31 tends to be dark, 
or, at least not brightly illuminated. In an exemplary embodi 
ment, the visible break assembly 300 includes an exposure 
assembly 330 structured to increase the visibility of con 
structs within the field of view of the viewing windows 3.02. 
The exposure assembly 330 includes lighting elements 332 
and indicia 334. In an exemplary embodiment, the lighting 
elements 332 are disposed within the housing assembly 30 
and illuminate the sidewall inner sides 33. Further, a portion 
of a sidewall inner side located within the field of view of a 
viewing window 302 is, as used herein, a “backdrop portion 
336 The lighting elements 332 (shown schematically in FIG. 
15), in an exemplary embodiment, focus their light on a 
backdrop portion336. The lighting elements 332 include any 
type of illumination device Such as, but not limited to, incan 
descent bulbs, LEDs, fluorescent bulbs, “glow-in-the-dark” 
elements, lasers, and black lights. 
0098. The indicia 334 include, but are not limited to, bright 
colors, high contrast colors, fluorescent colors, and reflective 
or shiny materials. High contrast color schemes are found 
bothin nature, e.g. on Venomous Snakes and insects, as well as 
human made objects, e.g. road signs. High-contrast color 
schemes include, but are not limited to, black-yellow, black 
white, red-white and white-green. A high contrast color is 
also evident, for example, when a reflective or shiny material 
has a non-reflective or non-shiny portion. Thus, an indicia334 
includes a groove cut into a shiny surface that creates a high 
contrast color scheme. A reflective or shiny material includes, 
but is not limited to, polished metals, silver elements, copper 
elements, and gold elements. 
0099. In an exemplary embodiment, the exposure assem 
bly 330 includes an operation contact assembly viewing win 
dow backdrop portion 340 associated with, i.e. with the field 
of view of the operation contact assembly viewing window 
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320. The operation contact assembly viewing window back 
drop portion 340 is, in an exemplary embodiment, both illu 
minated by a lighting element 332 and is a high contrast color. 
Thus, when the operation contact assembly viewing window 
320 is disposed on the front, second lateral sidewall 32C, the 
operation contact assembly viewing window backdrop por 
tion 340 is disposed on the opposing lateral sidewall inner 
side 33D. Similarly, the exposure assembly 330 includes a 
ground contact assembly viewing window backdrop portion 
342 associated with, i.e. with the field of view of the ground 
contact assembly viewing window 322. The ground contact 
assembly viewing window backdrop portion 342 is, in an 
exemplary embodiment, both illuminated by a lighting ele 
ment 332 and is a high contrast color. Thus, when the ground 
contact assembly viewing window 322 is disposed on the 
front, second lateral sidewall 32C, the ground contact assem 
bly viewing window backdrop portion 342 is disposed on the 
opposing lateral sidewall inner surface 33D. 
0100. In an exemplary embodiment, the operation contact 
assembly viewing window backdrop portion 340 and the 
ground contact assembly viewing window backdrop portion 
342 may be white, the operation contact assembly distal 
portion 83 may be red, and, the ground contact assembly 
distal portion 183 may be green. In this configuration, the 
operation contact assembly distal portion 83 and the ground 
contact assembly distal portion 183 have an increased visibil 
ity relative to a darkly colored construct. Further, the visibility 
is also increased due to the contrast with the white backdrop 
portions 340,342. 
0101. In an alternative embodiment, the operation contact 
assembly distal portion 83 and the ground contact assembly 
distal portion 183 area shiny material, such as, but not limited 
to, polished silver. The operation contact assembly distal 
portion 83 and the ground contact assembly distal portion 183 
also include a number of indicia 334, such as but not limited 
to a scale, such as on a ruler, cut into the operation contact 
assembly distal portion 83 and the ground contact assembly 
distal portion 183. 
0102 Similarly, each offset row viewing window 328 has 
an associated offset row viewing window backdrop portion 
350 (FIG. 16) is, in an exemplary embodiment, both illumi 
nated by a lighting element 332 and is a high contrast color. 
When the operation contact assembly distal portion 83 and 
the ground contact assembly distal portion 183 are a high 
contrast color, this configuration provides for greater visibil 
ity of the operation contact assembly distal portion 83 and the 
ground contact assembly distal portion 183 are through the 
offset row viewing windows 328. 
0103) In this configuration, the visible break assembly 300 
allows a user to visually determine the status of the operation 
contact assemblies 84 and the ground contact assemblies 184. 
For example, if both the operation contact assemblies 84 and 
the ground contact assemblies 184 are in the first position, a 
user can look through the operation contact assembly viewing 
window 320 and the ground contact assembly viewing win 
dow 322 and see the illuminated, white backdrop portions 
340, 342. That is, when the operation contact assemblies 84 
and the ground contact assemblies 184 are in the first position, 
the backdrop portions 340, 342 are unobstructed and are 
clearly visible. Conversely, if either of the operation contact 
assemblies 84 or the ground contact assemblies 184 are in the 
second position, the high contract between the indicia 334 on 
the operation contact assembly distal portion 83 (or the 
ground contact assembly distal portion 183) and the backdrop 
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portions 340, 342 allows the user to determine that the opera 
tion contact assembly distal portion 83 (or the ground contact 
assembly distal portion 183) are in the second position. 
0104 Further, the user can also use the offset row viewing 
windows 328 to verify that either, or both, the operation 
contact assemblies 84 and the ground contact assemblies 184 
are in the first position. That is, when the operation contact 
assemblies 84 and the ground contact assemblies 184 are in 
the first position, the indicia 334 on the operation contact 
assembly distal portion 83 and/or the ground contact assem 
bly distal portion 183 will be visible through the offset row 
viewing windows 328. 
0105. In another embodiment, the visible break assembly 
300 includes a substantially clear insulating material 360. In 
an exemplary embodiment, the clear insulating material 360 
is disposed about, i.e. encircles, each movable contact assem 
bly 54. In an exemplary embodiment, the insulating material 
360 is substantially non-conductive, substantially rigid and 
Substantially transparent and may be, but is not limited to a 
polycarbonate such as LexanTM by Sabic, One Plastics 
Avenue, Pittsfield, Mass. 01201. In an exemplary embodi 
ment, the insulating material 360 is shaped as a hollow tube 
that is disposed about the path of travel of each movable 
contact assembly 54. As shown, the insulating material 360 is 
disposed over the lower portion of the path of travel of each 
movable contact assembly 54, i.e. adjacent the contact assem 
bly interface and, in another embodiment, about the contact 
assembly interface. 
01.06 While specific embodiments of the invention have 
been described in detail, it will be appreciated by those skilled 
in the art that various modifications and alternatives to those 
details could be developed in light of the overall teachings of 
the disclosure. Accordingly, the particular arrangements dis 
closed are meant to be illustrative only and not limiting as to 
the scope of invention which is to be given the full breadth of 
the claims appended and any and all equivalents thereof. 
What is claimed is: 

1. A housing assembly for a network transformer primary 
disconnect assembly, said network transformer primary dis 
connect assembly including an interlock assembly and a cir 
cuit interrupter, said circuit interrupter including a number of 
contact assemblies, said interlock assembly including a 
mechanical interlock assembly with a number of pairs of 
contact assemblies, each pair of mechanical interlock assem 
bly contact assemblies includes a number of sets of movable 
contact assemblies, each set of movable contact assemblies 
including an operation contact assembly and a ground contact 
assembly, each said mechanical interlock assembly movable 
contact assembly structured to move between an open, first 
position, wherein said mechanical interlock assembly mov 
able contact assembly is spaced from said associated circuit 
interrupter contact assembly, and a closed, second position, 
wherein said mechanical interlock assembly movable contact 
assembly is coupled to, and in electrical communication with, 
said associated circuit interrupter contact assembly, wherein, 
when each said mechanical interlock assembly movable con 
tact assembly is in said second position, each said mechanical 
interlock assembly movable contact assembly and circuit 
interrupter contact assembly meet at a contact assembly inter 
face, said housing assembly comprising: 

a number of sidewalls defining an enclosed space; 
a visible break assembly including a number of viewing 
windows in at least one sidewall; 
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each said viewing window aligned with one of a contact 
assembly interface or a movable contact assembly distal 
end in the open, first position; and 

a number of said viewing windows are aligned with a 
ground contact assembly interface. 

2. The housing assembly of claim 1 wherein: 
said visible break assembly includes a clear insulating 

material; and 
said clear insulating material disposed about each movable 

COntact. 

3. The housing assembly of claim 1 wherein within each set 
of contact assemblies said operation contact assembly and 
said ground contact assembly are disposed in an offset row, 
and wherein: 

at least one operation contact assembly includes an asso 
ciated operation contact assembly viewing window; and 

at least one ground contact assembly includes an associ 
ated ground contact assembly viewing window. 

4. The housing assembly of claim3 wherein said number of 
contact assemblies includes a plurality of operation contact 
assemblies and a plurality of ground contact assembly assem 
blies, wherein said operation contact assemblies are disposed 
in an aligned column, and, wherein said ground contact 
assemblies are disposed in an aligned column, and wherein: 

said operation contact assembly aligned column includes 
an associated operation contact column viewing win 
dow; and 

said ground contact assembly aligned column includes an 
associated ground contact column viewing window. 

5. The housing assembly of claim 4 wherein each set of 
movable contact assemblies includes an associated offset row 
viewing window. 

6. The housing assembly of claim 5 wherein: 
said number of sidewalls includes a generally vertical first 

sidewall and a generally vertical second sidewall; 
said first and second sidewalls disposed generally perpen 

dicular to each other; 
each said offset row viewing window disposed on said first 

sidewall; and 
said operation contact assembly viewing window disposed 

on said second sidewall; and 
said ground contact assembly viewing window disposed on 

said second sidewall. 
7. The housing assembly of claim 6 wherein each said 

offset row viewing window is removable. 
8. The housing assembly of claim 1 further including an 

exposure assembly structured to increase the visibility of 
movable contact assemblies within the field of view of the 
viewing windows. 

9. The housing assembly of claim 1 wherein: 
said enclosed space includes an inner Surface; 
said inner Surface includes a number of backdrop portions; 
each backdrop portion associated with one said viewing 

window; and 
each said backdrop portion being one of a bright color or a 

high contrast color. 
10. The housing assembly of claim 1 wherein said side 

walls define a submersible enclosed space. 
11. A network transformer primary disconnect assembly 

comprising: 
a housing assembly including a number of sidewalls and a 

visible break assembly; 
said number of sidewalls defining an enclosed space; 
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said visible break assembly including a number of viewing 
windows in at least one sidewall; and 

a number of electrical components including an interlock 
assembly and a circuit interrupter; 

said number of electrical components disposed in said 
enclosed space; 

said circuit interrupter including a number of contact 
assemblies; 

said interlock assembly including a mechanical interlock 
assembly with a number of pairs of movable contact 
assemblies, each pair of movable contact assemblies 
includes a movable contact assembly with an associated 
circuit interrupter contact assembly; 

each said movable contact assembly structured to move 
between an open, first position, wherein said movable 
contact assembly is spaced from said associated circuit 
interrupter contact assembly, and a closed, second posi 
tion, wherein said movable contact assembly is coupled 
to, and in electrical communication with, said associated 
circuit interrupter contact assembly; 

wherein, when said movable contact assemblies are in said 
second position, said movable contact assemblies and 
said circuit interrupter contact assemblies meet at a con 
tact assembly interface; and 

each said viewing window aligned with a contact assembly 
interface. 

12. The primary disconnect assembly of claim 11 wherein: 
said visible break assembly includes a clear insulating 

material; 
said clear insulating material disposed about each movable 

contact assembly. 
13. The primary disconnect assembly of claim 11 wherein: 
said number of contact assemblies includes a number of 

sets of movable contact assemblies, each set of movable 
contact assemblies including an operation contact 
assembly and a ground contact assembly, wherein 
within each set of movable contact assemblies said 
operation contact assembly and said ground contact 
assembly are disposed in an offset row: 

wherein at least one operation contact assembly includes 
an associated operation contact assembly viewing win 
dow; and 

wherein at least one ground contact assembly includes an 
associated ground contact assembly viewing window. 
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14. The primary disconnect assembly of claim 13 wherein: 
said number of contact assemblies includes a plurality of 

operation contact assemblies and a plurality of ground 
contact assembly assemblies; 

wherein said operation contact assemblies are disposed in 
an aligned column; 

wherein said ground contact assemblies are disposed in an 
aligned column; 

wherein said operation contact assembly aligned column 
includes an associated operation contact column view 
ing window; and 

said ground contact assembly aligned column includes an 
associated ground contact column viewing window. 

15. The primary disconnect assembly of claim 14 wherein 
each set of movable contact assemblies includes an associated 
offset row viewing window. 

16. The primary disconnect assembly of claim 15 wherein: 
said number of sidewalls includes a generally vertical first 

sidewall and a generally vertical second sidewall; 
said first and second sidewalls disposed generally perpen 

dicular to each other; 
each said offset row viewing window disposed on said first 

sidewall; and 
said operation contact assembly viewing window disposed 

on said second sidewall; and 
said ground contact assembly viewing window disposed on 

said second sidewall. 
17. The primary disconnect assembly of claim 16 wherein 

each said offset row viewing window is removable. 
18. The primary disconnect assembly of claim 11 further 

including an exposure assembly structured to increase the 
visibility of movable contact assemblies within the field of 
view of the viewing windows. 

19. The primary disconnect assembly of claim 11 wherein: 
said enclosed space includes an inner Surface; 
said inner Surface includes a number of backdrop portions; 
each backdrop portion associated with one said viewing 

window; and 
each said backdrop portion being one of a bright color or a 

high contrast color. 
20. The primary disconnect assembly of claim 11 wherein 

said sidewalls define a Submersible enclosed space. 
k k k k k 


